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(Pseudomonas sp. W-STS-8), &&= 4 —F &4k & 5%k % — M H % (Pyoverdine), Z%4%Z R LA
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Isolation of a siderophore-producing and cadmium-resistant
bacteria and its effect on seed germination of ryegrass
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Abstract: [Background] Siderophore-producing bacteria (SPB) is a kind of growth-promoting
microorganism with high heavy metal resistance, and its application in soil remediation of heavy metal
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contaminated soil has attracted increasingly attentions. [Objective] To provide organism resources for
remediation of heavy metal cadmium contaminated soil; To investigate the effect of SPB on seed
germination of ryegrass under cadmium stress. [Methods] The soil that isolated the bacteria was collected
from Hongxin Mining Area, Linze county, Gansu province, a bacteria is capable of both producing
siderophore and cadmium-resistant was obtained by isolating and purificating of microorganisms
technology, and the identifying of this strain was used 16S rRNA gene sequence, and the structure type of
chelating groups of siderophore, the growth curve and siderophore production curve of the strain were
measured, the fluorescence intensity and ultraviolet spectrum of the siderophore were determinated after
separating and purificating from the culture of this bacterium. Finally, the effects of siderophore and its
producing bacteria on the germination of ryegrass under cadmium stress were investigated. [Results] The
bacteria was identified as Pseudomonas sp. W-STS-8 and it could secrete a yellow-green
siderophore—pyoverdine, which has two types chelating groups structures, hydroxamates type and
catecholates type. The yield of siderophore reached its maximum value (68%) at the late of the stationary
phase, and the yield of siderophore was positively correlated with the biomass of the strain. After
separating and purificating of siderophore, the fluorescence could be observed under UV light (254 nm),
and the characteristic absorption peak of ultraviolet spectrum was at 400 nm. By studying the effects of
siderophore and its producing bacteria on the germination of ryegrass under cadmium stress, the result
showed that compared with the control group, the strain culture and its siderophore showed remarkable
effect, the seed germination rate of ryegrass increased by 73.14% and 150.92%, respectively. [Conclusion]
This strain is expected to provide microbes resources and scientific basis for ecological remediation
project by further study, which related to microbial-plant combined remediation of soil contaminated by
cadmium.

Keywords: fluorescent siderophore, cadmium-resistant bacteria, isolation, ryegrass, seed germination rate
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U T K APLH], KRR R
T E 4815 YL W e 52 S i i 8 15 31 25 o
JEEAPY, HENET . — i E e m e A
SRR TRE TS, FEEITR
Z, AR 2 Z 4, fE—E R -
RERS AR I I W o2 4 R 4 ), IR RIX Y
WA S X E G R I, R A K. B
. Pseudomonas aeruginosa KUCA1 7E CA* VEH T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BRI TEAE: — MR WGk R T AR T 1) 2 2 S HE X FR A i1 1 A 9 1 1897
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Cd2+EﬂL, Streptomyces tendae F4 TEA g R MR
mF, R i cd R B RGP A —
JrE, TR E AR B TR AL SR AR,
| SE R RN SR T EEEE T
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U Ml F, AEMESRET G048 BT rmiliche Y.
HA A I B AR DX R R 1 B S A
RN S EUR B L A BN ES RIS, 4
TR, BV B WRSE, XBTIXCE ARG Y I
HAMEEATE AR, BAER y—F2EAER
AFHEY), WIBAEY R, AR, 18
BRMME T SR X 4 AT SR AN RS2 PR
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Hb, BHEITA CPEBRER 7 A BN T8 5 R 52 07
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SONEGE H AR, A SRR D R BT PO SR A, I
WAL WAL ST, T R R AR e AR
PR AL | SR SN R R B R AR R
B 252 DU IS 2275 g TSR R U E ) -1
Wi 18 2 BORSRARI BRI AP S
1 RS TE
L1 HmRE
TR AT A A RER R ET RS
DX, RMILABREIE AT RAE, REREN 0-
20 ecm ., SRAEREHX o0 B AL E O K &
100°14'49"FIIb L 39°29'15", b X J@ Kl 5
BUFAME, AEBIREKEE 118.4 mm, HAFELITIILR
FARNCN F 5 RAER LIRS BRI RE
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1.2 EERFIFUERIEFE

B K (CAS) A1 75 bi JE — H 3L 7R 1k i
(CTAB), Coolaber A H]; DNA $2HUA7 & PCR
PR, AR R AR BEE
T, YLIR M AR RO A 5 A B A A Al iR 1
KT AR

SR WO 66X, Unico A H); PCRY”
BE{URT DNA KA, JINTT R E ARG R
Al BEASHERZR LA, WoRAbAER); AT
WIETEAL, HILAFL

LB #5552 S % CHR[3 1R -

VF Sk 32 5 (g/L)PH: R 20.0, (NH,),S04
3.5, L-R&AZMR 1.5, L-HH&ER 0.02, L-4HEMR
0.01, KH,PO41.0, MgS040.5, NaCl 0.5,

CAS BEEAGIIE: #KHE 1.0 mmol/L, FeCls
0.1 mmol/L, 7<kekk—HBIRIEME 4.0 mmol/L,
FRERZZ ik 0.1 mol/L, pH 6.8,

CAS ORI A 100 mL VF K335
A 5 mL CAS f, 55MnAZRE 1.8%, 7E
1.0x10° Pa K 20 min J5 %7 B F12 60 °C 247
GASIMA CAS K, EIFAI RS IR 2
1.3 FRES%EN Cd B9 Bk

WIS Se ] LB 5598306 RAE 8k 1 S ks
F%, SRIGH CAS W GRS T4 25k, 8
T 7 S T 7 A 1 A € B 1 7 IR R R 1Y
]/

1.3.1 EHEEEF. WKW

FRELE bR BER 48 1 g, BAC A
100 mL LB 5555600 =AM, 7E30°C. 140 r/min
FUF TR 2dIE, W 2R 1 mL, R
W EERRES] 1072, 107, 107, 107°#1 10°°, 4k
544 100 pL 445 T CAS W5 @ P-4, 78 30 °C fE i
FFRAETh SR 3 d, MURE A A v R K
BRI, WIAEHIE RE e R R TR . PRk HAT AR
RARFR A TETE R LRI 2-3 Wk, [RINEEAG 4l
FE, HRPAFAIEFREE, —80 °C {17
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W 1.3.1 TR SR R B A R BRI AR 53
PR EI A EA R CdTHRIA VE JigRdEh, it
WE— RGO, 60, 90, 120, 150 mg/L
Cd™), A Cd™ myAb B /2 (A3 iR, SR A
CAS RARFIN J7 32 X1 R R ™ A W Bk R A 7 e
i, IFTESWREE T e HAE K 5 (ODeoo) , 1
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133 MEHRIEEENE
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R 1:1 PARRRELIRS), #E 1 h)e, IREG
Y436 BT E W GIE ODegso, 7T AR LA
TAFTHE R E R A X & 12 (Siderophore  Units,
SUY?*. SU(%)=(4,—A4)/4:x100
Horp ) A, RIS AR CAS Ko
YRR ICAE s A, SRR RS SR FIER S
CAS Rl IR A Yo Gl
1.4 HE#KHY 16S rRNA EEFFILE

PATHEEARAY LN 4] DNA My, %40
WG4 27F (5-AGAGTTTGATCCTGGCTCAG-3)
1 1492R (5'-GGTTACCTTGTTACGACTT-3")i#k4T
PCR 3. PCR [WIKZRPY: DNA #hdh 1 uL,
10xBuffer (Mg®") 5 pL, dNTPs (2.5 mmol/L) 4 uL,
5147 27F F1 1492R (10 pmol/L)4% 0.5 pL, Tag DNA
RATMWHS U/uL) 0.25 uL, Jin ddH,O % 25 pL, PCR
RN 4 94 °C 4 min; 94 °C 45 s, 55°C 45 s,
72 °C 1 min, 30 WAEH; 72 °C 10 min; 4 °C f
fio ¥ PCR ¥ 34/ Wik AT 1.5%35 50 BE K
UK, ARG EE A BRI R R G O A 1
1o PCR 45 7 Wy () I 7 V4 22 B v A= )
BHEABR ARS8 #0745 R $2 58 2 NCBI £
i P2 BLAST FEXT e, BEBEARADL: 32 e A A DG T
P, i MEGA 7.0 #4148 £ (Neighbor-
Joining Method)#4 i R & & B, LI % BB

A3 Y AR
1.5 EHRBIE R ZEF ISk R 24

PR T 50 mL ik VF Jigedkep, &8
3AEAT, BT 30°C, 140 r/min &1 F 3R, 4y
WT 0.2, 4. 6. 8, 12, 24, 36, 48, 60.
72, 84, 96 1 120 h BURE, I 5E A= 4 it (ODgoo) Fl
MEEKZE P i SU (%), JF1E Origin 8.0 {4 H 41l
R
1.6 FESRZRFFHETE
1.6.1 FESXFEBILEENE

W 4k 2% 4 HEHL B 5 35 [ 1) 25 4 A 8] AT LA 4
Ho4 KPP REREmA . LEBE . BRER
R £ TR A B (DAL 36 2 R DL BB A LA,
i FeCls £ Arnow’s SZ36 8 )% Shenker’s
S POV T AR BT PR R Bk R B i T 2
FA,

FeCl; 5255 : 76 1 mL _E3EW A IIA 1-5 mL 2%
[) FeCls ¥k, #7821 AR S A Rk R A7 AE,
1 mL FIEW AP 1 mL FeCls ¥ 7 BIZS 2Ly
SRERA; 1| mL FIEBROIMAM 1 mL FeCls %
WA AR LT s AR LN LR B

Armow’s ZE5: 7E 1 mL BVEWRHIIA 1 mL
0.5 mol/L HC1 F1 1 mL10%/%H B4 - 7 At PR 4 v 14
VR TR P AT AE AR IR 4k R U IV A R i, AR AR
O, WIRASE; 22 MA 1 mL 1 mol/L
NaOH W, A4 LA E W AR 21,
Z/0 1 h AR, TE ODs o AA7 FRAE M I

Shenker’s 2255 : 76 1 mL EVEWR A 1 mL
750 pmol/L CuSO4FW M 2 mL pH 4.0 KSR
ISR LN B (N S N b | ) S A L Sl S 1 €
190280 nm JEFE N AP, WEEIE A AH LT
W S0
1.6.2  WEELERAYFFIE IR YSTUE+a

14 10 mL 1537 2I5E0H(ODgoo N 1.0) BRI 4%
Fh#] 500 mL ik VF #5323 H, 30 °C. 140 r/min
B35 d, BREFEY 5 000 r/min 850 10 min, 32
FARTTHE, YA BIEWGE 0.22 um JEE, SRIG A
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—ERIKILRIE(XAD-2), T 140 r/min ¥ K35
12 h, (R /INSF-P0 53 70 53 W B i R AL R
FEUEATHINE , KRR 5 R A B, AR T AT [ A
KALW I F = At rb, i JooK B s 28 WISt B
AR R BEAERTRE , AR PR 12 h, MR RAL
B BN T R TR A T, R R
M, REBERA TR, B2 Y54
TR R KR T R, TR
HIRRI T ZRE, HEMAR R, HHE
4°C s N,

W b3 B A 5t TG R K S f# 2 ODago M
1.2, —&BOTE 254 nm SHMT T WEE, i HAOE
S8R 8 SR AGE 56 W Ak R A AL AU s — A TE S A AT I
FETEAS I 72 W Kk 2R A I AT
1.7 CA'MMETEEEMTIAALR
171 FEIREESRE CWEBEEEAFRIEMN

PhyE v B A R, A 10% 00
FRENTHEE 5 min, JCRI/KE 0L S & H. fH
KM VE 535005 8 — R FI AR 1 Cd” He % (30,
60, 90, 120, 150 #1180 mg/L), LIAEIN Cd* 1K)
VF B33 A as AR . 53R IL(EAE 12 cm)
HAIA 20 mL 5 AR CA™ IR R0, R P Z
ToRuEAt, H A E 50 WRE T, F
25 °C il AR T 8557, WA AR 12 h Bl Jo i
K, R B ARARTE 5%, Y 3 ANEE, 5 d
JE T EIHR 2R, RIER(%)ITRAR:

R 2R (%)= R AN FH/ R F 5 x 100 .
1.7.2 EHMEHETEZEAF RN

Wi ERARREWE R SR Cdiha TR
R R IERAE N, UL 2 RERN CdTH
BE, A AAS R BE RIRAIE R, DU
90 mg/L Cd™ AYALIRLE Jy2s IR, AN
JEX CA™ s T BB B SRR R

S mL FEEON R HEF T 250 mL J&IA VF
WEFe s, 30 °C. 150 r/min 53 24 h, W
5 000 r/min #.0> 10 min, #RJ5HEMLE 20 mL VF 13
FWALR Cd™HIE R 90 mg/L)iil % K — R IR

[F) A B VR (ODgoo 4 0.0, 0.4, 0.8, 1.0, 1.2,
1.4, 1.6 M11.8), B3 NEKE, HFESIEHEA
K,
1.7.3 BES%EWNEHETEEEL FRNEIN
PRI AR R BRI T VE B,
il £ B — ZR PN AS 6] B g 4k R Mk B (ODgoo M 0.0,
0.2, 04, 0.6, 1.0, 1.3, 1.7 F1 2.0), %EII 20 mL
AL CAP RN 90 me/L), 4l 3 AEE, B
%5 d IR ZER,
1.8 HUES T ELIE
PR % 2 JE AR AR R R 8, il NCBI #47
BLAST HeXF43#r, it MEGA 7.0 k-4 R 5 %
B A R KA Microsoft Excel 2019 4
o BlE AR EIE 2 Hi1 5448 ] SPSS 21 1 Origin
8.0 #fF.

2 HRE546
2.1 FRESREMREN S BiFE

W ERIR)E, fE CAS W0 P bl it
PRIV 8] L A A e B, R DL B A T
FEREER AN, R E NG LR A alifk Al bk
IR i A B e BB 1 R /IN T 32 7 i Ak R M e
BArm s MreEsk, WE 1 R, Rl ah
W-STS-1 . W-STS-5, W-STS-6. W-STS-7 #il
W-STS-8.

TEM E 4R Ca KM b, 5 Fh e Bk 1E A [F]
CA* WM VE g, Ho: KRR = gsk £ it
WP 2A #12B FiiR, S HREFE Cd™ Mk N 30 mg/L
Fl 60 mg/L WA ERE, MifE 90 mg/L WEZ
Ji, 4 FRPE (W-STS-1, W-STS-5 ., W-STS-6 ,
W-STS-NA K H AR, Wi 2Rmb, 3
BARFET: . K0 W-STS-8 W bE7E Cd* ik B Wy
30-150 mg/L B4 W — B ORFFER R, T H
HARKESmERE R R E LMK, WE 2C fr
N, TE CAMREE N 60 mg/L WFWEEKE 1™ s
(A 68.38%), 525 FARTBACAERIN Cd™ )b HZH A
b, BEgR"mEm T 17.65%, Kk E
W-STS-8 WHRAE N G ZEWF A
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1 CAS & FHENEER

Figure 1 Test results of siderophore production in the CAS blue plates
. A: W-STS-1; B: W-STS-5; C: W-STS-6; D: W-STS-7; EW-STS-8; F: 5 [N} HR
Note: A: W-STS-1; B: W-STS-5; C: W-STS-6; D: W-STS-7; E: W-STS-8; F: Blank control

A B C
) @@ W-STS-1mmW-STS-6% 7 ¢ ]
: [ 9em W-STS-SEW-STS.7 -0 . ~=-0D,, 1%
\ 2 W-STS-8 23} § SSU - {70
60 ‘ a 241 b
2 _ gso g h %ig
Q S40E N 2
© | w-sTs-1 2301 S2.1f
1} W-STS-5 20[
-+ W-STS-6 201 7 1.9[
~ W-STS-7 ol :
- W-STS-8 L.8f
ol . . i 0 1.7
30 60 90 120 150 30 60 120 150 0 30 60 90 120 150
Cd** (mg/L) Cd?* (mg/L) Cd** (mg/L)

2 EHESRE CTHEELNER

Figure 2 Testing results of the domestication of Cd** tolerance in strains
T A 5 BRIETEART CA A FRUZER R B 5 BRINTEARE CA™WREEMA FIOME R0, A Cd™ Wel N ARG 5}
PRI R I TE R 122 57 5 (P<0.05); C: W-STS-8 WIFRAEA[R] CA™ VRIEMA T4 KRG B3 i, ARRIE Cd™ F

AFE/NE FRERIRHE M W-STS-8 M4 & 7 i 25 5 1 (P<0.05)

Note: A: The growth of 5 strains under different Cd*" concentration stress; B: The yield of siderophore of 5 strains under different Cd**
concentration stress (different lowercase letters indicate significant differences between the SU (%) of different strains for the same cd*
concentration stress at the 0.05 level); C: The growth and siderophore production of W-STS-8 strain under different Cd** concentration stress
(different lowercase letters indicate significant differences between the SU (%) of W-STS-8 strain for the different Cd** concentration stress

at the 0.05 level)

2.2 HEHKEY 16S rRNA EREFHIS LT
FIF] PCR ¥ 4%% 16S rRNA JE[H, X144 /5 1Y )%
SIBEATBEEE, JEFAITE NCBI R T HA R, R
FH MEGA 7.0 W RGE LB, 455 ILE 3. Hikk
W-STS-8 HEKFHIHKEESR 1 397 bp, I KATE
GenBank AU #E FErh, KGR FIE RS H
MT967291., MIE 3 FrfLIEH, FHtk W-STS-8 5

PGB PRI (Pseudomonas fluorescens strain B8)AH

WU R (294 99.93%), [, Btk W-STS-8 #i %

& BN JE (Pseudomonas sp.).

2.3 W-STS 8 HMRBIAE K 5=MEsk R ik
1 W-STS-8 WHERFFRAE VE ARG =5, 15

FIUNIET 4 B E R IR =g SR fhEk . Wikl 4 B

N, ZEMRAKTE 24 h 5 RFEER, 108 h G
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73 Pseudomonas chlororaphis strain ATCC17411" (F]1652611.1)
86|! Pseudomonas chlororaphis subsp. aurantiaca strain NCIB 10068" (NR164626.1)
91 |'\Pseudomonas sp. JICM 94907 (LC107616.1)
W-STS-8 (MT967291)

0.02

3 £TF 16S rRNA EEFIIEKR LR E R

6' Pseudomonas fluorescens strain B8 (KF010368.1)
Pseudomonas sp. JCM 28654 (LC133685.2)
95 Pseudomonas tolaasii strain NBRC 103163" (NR114227.1)

78-Klebsiella sp. enrichment culture clone YX-2 (KJ465990.1)
Escherichia coli JCM 16497 (AB212910)

Figure 3 Phylogenetic trees of identified bacterial strains based on 16S rRNA gene sequence

TE: 703 BTSRRI R GER F I 1000 WHETEMGZT AT 0 s 0 p AR IR RS, RECH 0.02; 55 ARYF

SONBPEI GenBank B35

Note: A: Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000 replicates; The length of branch represents the
evolutionary distance and the coefficient is 0.02; The number in parentheses is the GenBank accession number of a strain

HEATETTHA 5 1L E 2k 27 S A TR AR AL T 48 BT s
TR % ETr, 72 h IRk R Pk B i (e BF
FELE IR, W R MR G 28 1 SR DU AT DAAE T
RAE R RS % 5 B R TAS
24 FESRRIFMETE
24.1 MESKRAIZEEAET

PR W-STS-8 jA: gk B 5 SE A 45t 25
R WL 1, FeCly SEB0ZE R BH:, Arnow’s 5K
ISZE R L A, T Shenker’s SZIOZE L BAM:, B
EIRNE SA F1 5B R, S5 REIAEERE W-STS-8

2.5r 1
—-=-0Dy, 180
—-SU 1 70
2.0f i1 ;]
i %ki—i\;\i\i\i 160
_15f 150
g x Tao &
S 7 140
1.0 g 130 %
osh b 420
: 110
3 1o
00 1 1 1 1 1
0 24 48 72 96 120

t(h)

B4 Btk W-STS-8 ByE K L Fn =g ¢k R ih £
Figure 4 The growth curve and siderophore production
curve of W-STS-8 strain

F1 EGKRESEASHAERENER
Table 1 Testing results of structure types of siderophore
chelating groups

522 i e St 44

No. Type of siderophore Result

1 SR +
Hydroxamate type

2 ILZE AL +
Catecholate type

3 RIRAY -
Hydroxycarboxylate type

e o+ BHEE; - B

Note: +: Positive; —: Negative

A B

~—

B5 REGREBESEASHMEBEENERECE

Figure 5 The color testing results of structure types of
siderophore chelating groups

W A FRBRA; B: JLAMHE

Note: A: Hydroxamate type; B: Catecholate type
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A R R LA S B SRl R TR LA
T 2 FhEbH2T, R, AR SEIR AT E
2.4.2  FESEERIAFIE R Wi ta )

WE 6A 7R, IEH YR BRI EaR @, IR
Pk W-STS-8 REZMI™ A —FhBTak (0" W), W42l o s
ALIRBER RIS TIORUKIG , TESIMT IUER, 45
WK 6B 1 6C PR, TELIMETFIEREIRBURIYZE
GO BE LU A TR B B, TR AT LAE B 4
I VB Rk R ALY, TR F IR SLsimio . K
Y1) 18 2k 2838 10 2% A1 AT L O 4 U B 4 4 (300
800 nm), Z5HLAE 400 nm AbyrH:—RHENIE(E 7).
25 CA'BMBETEZEMFHAALR
251 ARKEEZELRE CAWBEEE R FRIEMN

KNI E 48 Cd™ W BB 3 B 2F R I

SESRLNE SA /R, BE#H CA™WREERN, S R A
TRFRI AL, XU ESRE cd 3 EYE
BEMBEER, 2wl ke, 2k
A KRB, & 8A W, 7E CAdRE
790 mg/L B, FhFRZFRER 36%, FIHEEF
X — U A B A Sy S R SR
2.52 EfEX CATME T BEE R F RN
FH & 8B AT, USRIV W-STS-8 1R
mh, B59% 5 d J B RRIFI L 2RI it e,
HA I INEIRIREE ODeoo N 1.4 I, SXTREAHLL,
MERF TR ZRIEE T 73.14%. LIE5RE
BH 08 B MR E 1 B VA R T i RN e T 4
J& Cd*asRr A EER, Wik 7B
FIF K 255

E 6 HEtk W-STS-8 FESAE R AMBLER

Figure 6 The observed results of fluorescence of siderophore produced by W-STS-8 strain
TE: A: VEREFREM(HOET); B: VERFREMWMEINT): C: BEHREBORESNT)
Note: A: VF culture (in sunlight); B: VF culture (in UV light); C: Siderophore extracts (in UV light)
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Figure 7 The UV-Vis spectra of siderophore
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Figure 8 Effects of siderophore and its producing strain on the germination rate of ryegrass under Cd** stress

TE: A: R CA W X B2 L SER AN ; B: bk W-STS-8 X 2BZE 8L 2RI ; C. MEEk 2N BB AE KUK 2E R IR
Note: A: Effects of Cd*" concentration on the germination rate of ryegrass; B: Effects of W-STS-8 strain on the germination rate of ryegrass
under Cd*" stress; C: Effects of siderophore extracts on the germination rate of ryegrass under Cd”" stress

B9 BREEMTLAFERER

Figure 9 Pictures of seed germination of ryegrass

HE: A: AR CEHEEO. 30, 60, 90, 120, 150, 180 mg/L)Xf A FFh RO ; B: bk W-STS-8 (0Dgi=0.0. 0.4, 0.8,
10, 1.2, 14, L6, LAIEXBERFT KM ; C: MEBRFE(ODs0=0.0, 0.2, 0.4, 0.6, 1.0, 1.3, 1.7, 2.0)bHEX B HFD
TR ZFS

Note: A: Effects of Cd*" concentration on the germination rate of ryegrass (0, 30, 60, 90, 120, 150, 180 mg/L); B: Effects of W-STS-8§ strain

on the germination rate of ryegrass under Cd*" stress (ODgy=0.0, 0.4, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8); C: Effects of siderophore extracts on the
germination rate of ryegrass under Cd* stress (0D4=0.0,0.2,0.4,0.6, 1.0, 1.3, 1.7, 2.0)

3 Wi Hr= Rk E M EY) Streptomyces tendae F4,
AT N BB A4 B 07 1k 1 — he P WS R IGIN CA* W EE K 100 pmol/L i AE R
B K 1M 4 1Y) T8 AR (Pseudomonas sp. W-STS-8), 7E P 2R P AT B Es Rdik— 2
CA* VRIS 60-150 me/L I, %k Kb fmgikze  ESE TIX—45i0, MIVERE W-STS-8 AERS7E vk L
PR EAR S KT S B b, ek CdTAETE M BRI b AN R A A B 2 Y g
FPRARE T 17.65%. Sinha MRS RV C& B
i 324 Pseudomonas aeruginosa KUCA1 FEES N WEHBTENIN ZIT 500 ZFpgig B0
Cd™J5, HIEHEMA e, Dimkpa %F) Horb xR 8 - A B R R R E, 45

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1904 (G

Microbiol. China

R BUE AR A — R A iR k=,
HEAYOCRE, W BA 52 050 8 & LA B
RUEEA SE AR ST AR AT BRI AR
TEHAR IR K I, Fd W BRI TE (P. putida)
e AR W A RS IR A . LA Y e o-FR Ak
SRR 3 R g R, A BN e A — R
B R g 2k R Pyridine-2,6-Bis  (Thiocarboxylic
Acid)® AHFFES B S MR W-STS-8 1
TR PR, HILE R P IORAE 22 /M B
T FFERE S GBI, I 45 SR 01 B g
A RRNEIRA . LR 2 RS LA R
IRETIEHRER, LB HRIHEIBGEAE 400 nm &by A
(RN KW, 5 Albrecht-Gary 251SmFoY
ZER—F, RSO TR 7 A — R B AR A g
R—MREER, BRBLEEIMTT LHPO6, mH
1t 400 nm P34 —FEAEIR I

X R A DA BB 2 B AR B 1 48 43 B 45 31— R
g Bk R T B8 B K ZF K W (Bacillus - megaterium
LY02), Z@XE AR Cdiha T B SR
KA BAFAE AR, (HEREE Cd” W s
F 15 mg/L, K AVEFBCRH Y, At
Y BT VER I bE W-STS-8 M gk, 18
CA*" MR FE 1% 90 mg/L i, X Cd*' il T B 7Y
Tl A& A B3 i PE ORI T R R AR
ABIFFE S R HEROCR B0 . TESCPR T, BAR
it g Bk 22 b 1 o 4 JR A T g RO A,
TG Y LIS R R AV ARG, LA
Wk 2% T 90 B TR R A T S B 1 S iy S (L
A GEXT T Ao £ P 25 i 398 v 5 G e ¥ gL () R
PR TR R

4 g

(1) ASCAH R B IR B AR B  2 ii
Ve — AR g Rk K it Cd¥ R Wk (Pseudomonas  sp.
W-STS-8), Z3t 16S rRNA Jt[H ¥ 51 % i HOoR i
MR g, e A R s B S R i e B A L5k 1 Y
2 PG R IR G TR ZR , R A VB R R

MBI Tt BAFR, Ao BA ) S5 HA B PR R e ek R
PR EIRRE, HT R S A Y i R ARG

(2) WK BERE W-STS-8 774 18k 243 15
alift, TELIMT T WMED R EEAr, RG]
SRR R R, RAMAT IO Al R g
BRZAE 400 nm A0 H BURFAER S04, DRI ] A1 R HRR
R 2R NAT WL SRR AE X A 2R A T R T AT

(3) HAMME T B ERp Tk ZE LI R R
T A 2R A TR 1Y) T VORI Ak R Y R S DR
4 JE N PR ZE RPN B AR, R
Pk W-STS-8 M/ERymg4k Rt 5SE4EE cd' %
A, W TR RE R EEEM, e TR
PP T R 2R,

X LB A 5 25 S ] Oy JE A R R R T bR
W-STS-8 B A B A7 B 42 s Y - 4RI R 4 1 4
RIHE, WhFEEEGY RN A SBRE TR
TREITE R
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